Background: This cross-sectional study examined the relationship between patients' aerobic fitness and general health perceptions and how they correspond with functional aerobic impairment (%FAI) and quality of life (QOL). Methods: One hundred and two patients were administered a version of the World Health Organization Quality of Life brief form questionnaire (WHOQOL-BREF). Then, each patient underwent cardiopulmonary exercise tests to determine their aerobic fitness and %FAI. We performed Pearson's and Spearman's correlation analyses to assess the association between variables on the WHOQOL-BREF questionnaire and the each patient's aerobic fitness. Results: Pearson's correlation coefficient demonstrated a significant association between WHOQOL-BREF scores and peak oxygen uptake (peak VO 2 ) in the physical domain ( p ¼ 0.006) and environment domain ( p ¼ 0.011). Spearman's correlation coefficient also demonstrated a significant association between WHOQOL-BREF scores and the %FAI in the environmental domain ( p ¼ 0.036). Conclusion: QOL of patients who have undergone coronary artery bypass graft surgery is influenced not only by impaired aerobic fitness but also by poor physical and psychological well-being. The implementation of proper lifestyle modifications and the strengthening of social support networks following CABG surgery are very important for maximizing cardiovascular fitness and improving the QOL of these patients.
Introduction
Coronary artery bypass graft (CABG) surgery is a common intervention for the treatment of advanced coronary artery disease (CAD). 1 CABG surgery is the preferred treatment for disease of (1) the left main coronary artery (LMCA) and (2) all of the three coronary vessels (left anterior descending [LAD] artery, left circumflex [LCX] artery, and right coronary artery [RCA] ) and (3) diffuse diseases not amenable to treatment with primary coronary intervention. 2 The goal of coronary bypass surgery is to eliminate or reduce symptoms associated with CAD, such as angina and breathlessness, improve the patients' quality of life (QOL), and reduce the risk of further myocardial infarctions. 3 Coronary bypass surgery can reduce mortality and the symptoms of chest pain as well as enhance exercise tolerance and daily life activities. 4 The clinical assessment of outcomes after CABG is based on the objective evaluation of the patient's cardiovascular status and physical performance. Exercise capacity has been shown to be the best predictor of survival, 5, 6 and symptom-limiting exercise testing with measurement of peak VO 2 is commonly performed before a patient enters a cardiac rehabilitation program. 7, 8 However, CAD and subsequent CABG surgery not only affect the patients' physical fitness, but also their psychological health and QOL. Therefore, patient-perceived QOL is another fundamental parameter that should be used to evaluate the health condition of patients after surgery. 7, 9, 10 Previous studies show that patients who underwent CABG surgery experienced significant improvement in QOL and exercise tolerance. 7,9e11 In those studies, peak VO 2 was usually the major criteria used to evaluate exercise tolerance. Numerous studies have discussed the improvement in QOL after CABG surgery. Johan et al concluded that despite a continual decline in QOL over subsequent years, there was improvement in most aspects of QOL 15 years after CABG surgery compared with QOL before surgery. 12 Taylor et al conducted a systematic review of randomized controlled trials to investigate the effect of exercisebased rehabilitation on patients with coronary heart disease. The study confirmed the benefits of exercise-based cardiac rehabilitation for improving cardiac and all-cause mortality. In this study, health-related QOL following cardiac rehabilitation and customary care improved to similar levels that were previously reported. 13 Some consensus exists regarding health-related QOL as a multidimensional construct comprised of biological and physiological domains, symptom status, functional status, health perceptions, and overall QOL. 14 The characteristics of individual patients, such as motivation and values, and those of the environment, such as social and psychological support, have been suggested to influence health-related QOL.
14 A review of the literature indicates that many studies addressed the effect of phase II cardiopulmonary rehabilitation programs on aerobic capacity after CABG surgery. However, the importance of other associated components, such as psychological and environmental factors, was often overlooked, and more studies are required to clarify the association between aerobic fitness and the general health perceptions of patients who have undergone CABG surgery. Therefore, we investigated the relationship between aerobic fitness and general health perception and their correlation with percent functional aerobic impairment (%FAI).
Methods
One hundred and two adult patients were enrolled in this study, all of whom had undergone CABG surgery at the Cardiovascular Surgery Department of the Taipei Veterans General Hospital between September 2006 and December 2009 ( Table 1 ). The inclusion criteria were as follows: (1) each patient had undergone CABG surgery within a period of 3 weeks before the study; (2) each patient had an uncomplicated clinical course during hospitalization; and (3) each patient was willing to participate in the phase II cardiac rehabilitation program. The exclusion criteria were as follows: (1) unstable congestive heart failure; (2) symptoms of significant myocardial ischemia, including chest pain; (3) unstable dysrhythmia; and (4) uncontrolled diabetes or hypertension. Informed consent was obtained after each patient was fully apprised of the procedures of this study.
Quality of life questionnaire
QOL is a multidimensional concept that includes an individual's perception of his or her symptoms, well-being, physical and mental functional capacity, and social aspects of health. 11,15e17 We used the World Health Organization Quality of Life brief form questionnaire (WHOQOL-BREF), which is a shortened adaptation of WHOQOL-100, that looks at four QOL profiles using all available data from field trials of WHOQOL-100. 18e20 We used this questionnaire to assess each patient's health status because it is one of the best tools developed for cross-cultural comparisons of QOL. Furthermore, it was recently used in a Taiwanese population-based survey on the relationship between CABG and general health perceptions and could provide reference data for comparison with our own patient sample. 21 Also, two Taiwan-specific items, satisfaction with one's diet and level of respect, were added to the original WHOQOL-BREF to properly distinguish the psychometric characteristics of the Taiwanese people. 22 Lastly, this questionnaire is concise and easy to administer. We believe that the Taiwanese version of WHOQOL-BREF, based on the styles of responses, expression of emotions, and an adjusted definition of QOL, may be more valid and reliable than the original questionnaire for epidemiological and outcome studies. 22 More specific details regarding the questionnaire are shown in Table 2 . The time frame for the patients' perception of QOL was a 2-week period shortly before the study. Results were converted to domain points using a standardized procedure, ranging from 0e100. 
Cardiopulmonary test
To evaluate the subjects' cardiopulmonary function, we used the Vmax Encore Pulmonary and Cardiopulmonary Stress Testing System (SensorMedics, Yorba Linda, CA, USA), a treadmill-based method for maximal programmed exercise testing. We used the Naughton treadmill protocol to test each patient. Each patient's exhaled gases were saved in a collecting tube and analyzed breath-by-breath to obtain the peak VO 2 value. 23 Each patient completed an entry procedure by exercising on a treadmill until they reached either subjective exhaustion, their oxygen intake plateaued, or until clinical contraindications appeared. Percent FAI assesses the difference between a person's actual aerobic capacity and their expected capacity based on age, gender, and usual activity level. Percent FAI was calculated using the following equation 23 :
The predicted VO 2peak (mL/kg-minute) was calculated using the following equations 23 :
Male : 57:8 À 0:445 Â age Female : 42:3 À 0:356 Â age
The results were considered as follows 24 : %FAI < 26%, no significant impairment; 27e40%, mild impairment; 41e54%, moderate impairment; 55e68%, marked impairment; and >68%, extreme impairment.
Statistical analysis
We conducted the statistical analysis using SPSS software (IBM corporation, version 18.0). Descriptive statistics were used to establish the patient characteristics and to analyze the scores from the WHOQOL-BREF questionnaire. Analyses were performed separately for men and women. Pearson's correlation analysis was used to assess the associations between the variables on the WHOQOL-BREF questionnaire and each patient's aerobic capacity and %FAI. A p value < 0.05 was considered statistically significant.
Results
One hundred and two patients (97 men and 5 women) were recruited into this cross-sectional study. Their mean ages were 63.31 and 63.4 years for males and females, respectively. Table 1 lists the baseline demographic and clinical characteristics of the patients. It is obvious that male patients are much more abundant than female patients. The reason for this unequal male/female distribution is because our hospital is a veteran's hospital. The peak VO 2 was 18.21 AE 4.92 (mL/kg-minute) and 13.23 AE 3.65 (mL/kg-minute), and, on average, 67.3 AE 13.16% and 69.7 5 AE 10.78% of the predicted value for age-matched men and women, respectively. In Table 3 , we show the correlation between peak VO 2 and QOL. Pearson's correlation coefficient demonstrates a significant association between WHOQOL-BREF scores and peak VO 2 in the physical domain ( p ¼ 0.006; i.e., mobility and activity), environmental domain ( p ¼ 0.011; i.e., home, social service, and information), body image ( p ¼ 0.017), and gender ( p ¼ 0.001). In Table 4 , we show that the Spearman's correlation coefficient also demonstrates a significant association between WHOQOL-BREF scores and %FAI in the environmental domain ( p ¼ 0.036; i.e., home, social service, information, and transport), energy ( p ¼ 0.007), mobility ( p ¼ 0.043), and activity ( p ¼ 0.042).
Discussion
In this cross-sectional study that was carried out in Taiwan, we demonstrated the following: (1) there is a significant association between peak VO 2 and the physical domain (mobility and activity), environmental domain (home, social service, and information), gender, and body image in patients who underwent CABG; and (2) there is a significant association between %FAI and the environmental domain (home, social service, information, and transport) in post-CABG patients.
There are reasonable explanations for the relationship between peak VO 2 and QOL. Regarding domain 1, the physical domain, the positive correlation between mobility, activity, and QOL may be the result of the relief of angina symptoms and improvement in aerobic capacity, which restricted the patients' lives before surgery.
Regarding domains 2 and 3, the psychological and social relationship domains, we found a positive correlation between sex and body image. Improvement in physical capacity may contribute to the feeling of increased capability, confidence in his/her own body image, and greater attention to physical deficiencies. The relationship between gender and peak VO 2 may be due to improved physical capacity and relief of angina symptoms. However, because psychosocial and vocational therapies are not routinely included in our postsurgery cardiac rehabilitation program, this may influence follow-up evaluations because they are related to positive feelings, frame of mind, and self-esteem. Support from a peer group is also insufficient, and most of the information about CAD is provided by the doctor; therefore, patients may not gain enough psychosocial support even after the rehabilitation program.
Lastly, there is domain 4, the environmental domain, which characterizes the place where the patient lives and its influence on their lives. Among other items, this domain is also inclusive of the concepts of residential privacy, neatness, and available space. Social services encompass the patient's viewpoints about the convenience of getting healthcare and social services. The facet of information defines the patient's ability to learn new skills, knowledge, and coping mechanisms. Our study confirms that improvement in peak VO 2 may facilitate the patients' ability to improve their living environments, seek health care, and learn new skills. The category of %FAI assesses differences between the patient's actual aerobic capacity and expected capacity based on age, gender, and usual activity level. In our study, %FAI was 27.71 AE 16.67% and 45 AE 21.3% in men and women, respectively, which can be classified as "insignificant" to "mild impairment" for men and "moderate" to "marked impairment" in women. 23 This implies that we should put more emphasis on phase II cardiac rehabilitation programs for women in order to further improve their physical fitness.
We did not find a significant association between peak VO 2 and %FAI in the psychological and social relationship domains, which may reflect the fact that we did not routinely incorporate psychoeducational intervention along with cardiac rehabilitation for patients who underwent CABG surgery. According to previous studies, the social and psychological domains are significantly correlated with QOL. It has been shown that social support is associated with the health-related QOL of patients with heart disease. 25, 26 People with heart disease benefit from support provided by spouses, children, and friends. 27, 28 Spousal support is most significant during the early stages of recovery. After that, friends and other family members become increasingly important sources of support as recovery progresses. People with no family support will first turn to their friends for assistance, and then to healthcare staff and other professionals for further encouragement. 29 Therefore, in order to enhance QOL, substantial efforts to increase patient participation in cardiac rehabilitation should be made, in tandem with psychoeducational intervention consisting of structured information and psychological support on topics such as angina symptoms, medications, sexuality, anxiety, and depression.
There are some limitations of this study. First, the study was conducted using a small group of patients at a single medical center. Second, our patient population included only patients in stable condition who volunteered to participate in the study; therefore, our results cannot be generalized to all patients who have undergone CABG surgery. Third, our patients were primarily male because most of our patients are military veterans, which limits the application of the data to the general population.
In conclusion, the findings of our study reconfirm that the QOL of patients who have undergone CABG surgery is determined by multiple interacting factors, including individual attitudes, social networks, aerobic fitness, and the nature of CAD. This complexity of factors highlights the importance of continued examination of the general health perceptions of patients after CABG surgery along with traditional clinical, laboratory, and nuclear tests. Impaired aerobic fitness, in combination with poor physical and psychological well-being, strongly influenced the QOL of the patients in our study. This study highlights the importance of proper physical exercise programs, lifestyle modifications, and strong social support networks as factors that maximize the cardiovascular fitness and improve the QOL of the patients who have undergone CABG surgery. Our results also show that functional aerobic impairment in female patients is greater than that in the male patients, which suggests that more emphasis should be dedicated to phase II cardiac rehabilitation of female patients in order to improve their physical fitness.
